Introduction
The extent of agglutination of latex..particles may be measured with accuracy and precision by counting the residual non-agglutinated particles with a blood cell counter [1] . When the particles are coated with antibodies (Ab), antigens (Ag) can be used as agglutinators. The extent of agglutination will then depend on the concentration of Ag. This principle is called particle counting immunoassay (PACIA) and has been shown to be suitable for the determination of proteins [1 ] . However studies of accuracy and precision, as well as comparison with other techniques have not been made. In the present work, it is shown that a clinically useful assay for human placental lactogen (hPL) using PACIA is feasible and offers an alternative to radio-and enzymo-immunoassays.
Materials and .methods
Antigen and antiserum Purified hPL for standard solutions and immunisation was supplied by ILS Ltd, (48-50 Bartholomew Close, London EC1 U.K.). Standard solutions were prepared by serial dilution of a concentrated solution of hPL in normal male serum or in 0.1 M glycine-Na0H buffer pH 9, containing 9 g/1 NaC1 (GBS) and g/1 bovine serum albumin (BSA).
Antiserum was raised in a goat. The immunogen was dissolved in 0.9% NaC1, and ml (100/ag hPL) emulsified with ml of complete Freund's adjuvant was injected intradermally in several sites. The animal was immunised on days 0, 14, 28, 56, 70, 98 and 112, and bled on day 126 for the antiserum used in the tests reported here. IgG was purified from the antiserum by precipitation of other serum proteins with 6, 9-diamino-2-ethoxyacridine lactate (Rivanol). Four volumes of a 0.4% (w/v solution of Rivanol in water were added to volume of antiserum and. the glutinous precipitate centrifuged at 5,000 g for 5 min. Excess Rivanol in the supernatant was precipitated by the addition of 125 saturated NaBr per ml of antiserum treated, followed by centrifugation (at 10,000 g for 10 rain). The supernatant was dialysed overnight at 4 C against 0.9% NaC1 to remove traces of Rivanol. This IgG solution was used for coating latex and for the preparation of F(ab')2 fragments by pepsin digestion as described elsewhere [2] .
Particles
A 50/al aliquot of particle suspension ( pump and manifold, aliquots were taken from these tubes, diluted 10-to 40-fold, and passed through the flow cell of the AutoCounter. The final dilution step was calculated to give a maximum of about 3000 particles/sec passing through the flow-cell. The AutoCounter output was continuously traced on a variable-gain 2-pen strip-chart recorder, to record the concentrations of monomer and polymer particles. Having established that the particle-counting system gave a good reliable response to antigen (hPL)in the samples, the technique was automated using the Technicon continuousflow system (Figure 1 ). The manifold was slightly different from that described previously [1] . Samples of serum, suitably prediluted in GBS were aspirated from a Sampler IV at 30 samples/hour with 1:1 sample/wash ratio. The sampler had an extra arm carrying two probes to aspirate Ab-coated latex and another solution (additive) at the same time as the sample. The additive was generally GBS containing 10 g BSA/1 to which different reagents, e.g. PEG (polyethylene glycol, mol wt 6000D) or free anti-hPL, were added for specific experiments. The pumping rates were 50/,tl/min for sample and latex, and 100 /al/min for the additive. Before the three reagents were mixed in a PT13 fitting, the additive But, as a result of hand pipetting and dilution steps, the coefficient of variation within assay reached 10 %. Accordingly, the automated system was used to obtain all the other results reported.
Effect the particles were prepared, i.e. the amount absorbed onto their surfaces (Figure 4) . The relationship between IgG concentration and surface absorption has been described elsewhere [3 ] .
Sensitivity
Polymers such as dextran or PEG enhance, immunological agglutination or precipitation [4] . The sensitivity of the assay of hPL by PACIA in the presence of PEG was clearly increased ( Figure 5 ). Without The sensitivity of the system could also be increased by using the ratio of the concentrations of unagglutinated (monomer) to agglutinated (polymer) particles, instead of that of monomers alone ( Figure 6 ). The initial slope of the standard curve obtained with this ratio was also steeper. In the presence of low concentrations of agglutinator there is a small reduction in the large number of monomers, but a proportionately larger increase in the small number of polymers. Hence, the use of the ratio will give a greater response to a given concentration of Ag than will the use of the monomer concentration, and will also give a more accurate response than that of polymer concentration where only a few particles are counted. Leek at al Determination of human placental lactogen Accuracy and precision When the agglutination reaction was carried out in serum several effects were observed. Normal sera, in general, caused a decrease in specific agglutination and in the sensitivity of the reaction (Figure 7 ). There was also a nonspecific agglutination of the Ab-coated latex ( Figure 7 ). These effects were much less marked with latex coated with the F(ab')2 fragments of the goat igG anti-hPL. This F(ab')2-1atex also prevented the agglutination by rheumatoid factor. Four rheumatoid sera diluted 1/200 in GBS strongly agglutinated
IgG-latex, but not the F(ab')2-1atex (Table 1) . Figure 8 ; similar results were obtained using the other dilutions, i.e. 1000 and 10. The precision of the fully automated PACIA was tested by running hPL standard curves with two batches of IgGlatex each day for a week ( Table 2 ). The inter-assay coefficient of variation for each standard concentration was less than 6.5 %.
Discussion
The present results confirmed the potential of PACIA for the determination of proteins. The sensitivity of PACIA as applied to hPL is impressive. With a 20 min incubation this method can measure concentrations that require an incubation of 20 hours in radioimmunoassay. In the best conditions of PACIA, Serum interference was discussed in detail previously [2] .
Non-specific agglutination is mainly due to rheumatoid factor, which is found in many sera when a sensitive agglutination technique is used. The use of F(ab') fragment prevents this type of interference and, to some extent, the agglutination inhibition produced by some sera. It is suspected that the inhibitory factor is IgG rheumatoid factor 100- which, by coating the particles, masks the antibodies and hence decreases the agglutinability of the particles. As a practical assay system PACIA has both unrealised potential and advantages over other techniques. It has adequate sensitivity for the determination of most proteins of biological and clinical interest and seems to be more rapid than most other techniques. PACIA also has the advantages of not using radioisotopes and of allowing easy automation. Applications of PACIA to the determination of rat IgA idiotypes [5] , mouse anti-IgG autoantibodies [6] , and circulating immune complexes 3, 7, 8] PACIA with the automated system. Serum diluted 1:250 with GBS was aspirated with anti-hPL F(ab') latex. The regression was calculated using the power model log y b log x + log a.
